Factors affecting the selection and use of tetrazolium salts as cytochemical indicators of microbial viability and activity.
The reduction of four tetrazolium cations (TCs), nitroblue tetrazolium (NBT), neotetrazolium (NT), methylthiazolyldiphenyltetrazolium (MTT) and iodonitrophenyltetrazolium (INT), by viable micro-organisms, immobilized on glass cover slips, was examined by light microscopy with a view to determining a systematic basis for applying these reagents as cytochemical indicators of microbial viability and activity. The potential value of histochemical information about TC reactions for developing their microbiological applications was also assessed. INT and MTT detected viable cells more readily than NBT and NT. In order to obtain cell-localized formazan, MTT required cobalt ions in the reaction mixture and INT reactions had to be assessed soon after mounting. In general, formazan deposition could be accelerated by the addition of glucose and an intermediate electron carrier (IEC) to the reaction mixture, although inhibitory effects of IECs were also detected. Cultures in exponential phase, in stationary phase and inhibited by chloramphenicol could be differentiated with MTT but not with INT. For some organisms, notably Candida albicans, Pseudomonas aeruginosa and Enterococcus faecalis. TC reactions proved to be a relatively insensitive means of demonstrating viability. Two parameters used in selecting TCs for histochemical reactions, lipophilicity and reducibility appeared to be predictive for the relative sensitivity of these reagents as indicators of cell viability. The concepts of substantivity, a measure of non-specific interactions between reagents and staining substrates, and TC oxygen sensitivity, the effect of competition between oxygen and TCs for electrons, were found to be relevant to formazan deposition in live microbes. These findings support the use of TCs as cytochemical probes of microbial activity in defined settings and the use of histochemical knowledge to support further development of these techniques.